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fh& writer itishea to ©aEfr®.fis .his indstoteiaos® 
t0 ir* J* A. filttasoa for the insfiriag l©ad@rsM.f 
%Mt aa4o tills inTesti,gatioa p^aalfel®.. 
fttu eoHsfAiT md spioifis of 
^u%js le'DROGLN SULPHIDE 
lUTRomoTim 
1% h&m appearaA, importaat to p:»«.is®ly detemia© tlie 
tlele@trt©, mm%m% aufi ©ontoeta®©© of ^wem 
sttlpMA# fey seaas ot aa aitesmttsi; omx-
reat fe]rlAg% Se0eiit sfiiraBe'eS' ta preelsioa m@%to€© 
fc^es ^i-ouGiit aoout- fey tim iati^ductxoa af "felie -faeam 
tttfe#- g@a»ymt.0f B.B. a 0o.ttir». of altematiog. of sys-
wave torn., by the us© of tai># Eettpltftefs 
f©r iB^feastag tit# s«asxti¥ity mt the 4@t#0t4.sg instrttBieiit,, 
•attt lif t&« imt»ia^tiom of mttworks iaeorporati^ 
tl»- Wagas^- ©artHtag <i©¥ioe for .aimimlzing ant fealaaeiBg, 
styay sattpliags b&tween various braaolies. ©f tte m#two?lc, 
aat l>©tw®ea tlie^s® l»ma©,li©s aat 
BhmSXmBk^ C 3,l Ms a ticrl aoalysis ©f 
tJte# t&soiT ©:f #ap»elty &tmm la tlie -S-* 
stoae brlig® aaft tee descrito^i a «ompl«t#ly sfe.i©li©ft 
toi.%e aetwatM witM wM®,k af preelBlom 
©as fc« mafi®.* fb# most ii^ortaat ie-oati?il>iitlcjm of tMs worfc 
tewever',. was tk© pyoof tlat pfoperly -ieslgGei aleetfostatis 
s®i*®©iil'Kg -mul& fee lisefi wltle-mt fliis p©lst ItaA 
•&©©» TOi-ionsly qaesttoned by Stsm&m. mM, .ffo-pspb-s 'WJm 
•Mt frairi©«sly d#serll«4 a fm tb# lolilFamsth 
»th©i %lm% iia4@ tts# of th#-- mw wAmw& tefe© a 
smitaM® fiartniag etrmltg sat iisf#n®e4 with tb® us© of 
tfe#. tiremlat- slid© wlm {wbl#li pmiximm- m iaiaetlf® 
mymmtTj ia %M@ Mlaa^eisf fto® wQ^k of ioms 
aa4 y&mphB is frababif tli# first m»t Isforts^t eootrl-
¥mti©a in tl@ fi#id ©f ©le#t:e0lyti^ noaSmetaaes aim.m th# 
ti»i of l^&lrass'efe* la ttoe Mritear*® oplaiBB# a©-- •&m 
s&oali att«apt ©onductas©® wmk. matll h® bas tlofittgfaly 
wmi&mA tfe® &hom «it#4 litsfatur©-. la f&et tb® data from 
two pa^-^s [m£ ffom thie miwm ^ttfelieatioas of 
iQmm m& of Sl®'il®v«iqr) .ar« -©f .snel. m mturm a» t© Jiato 
qmm&Hmmhlm tM Talititf of ail -"fi-ior 'eoateetaa-e# work. 
fb® r@p(»rt»d w&lmm fftf tb® sl-eetfi^al 
•&f liqmii fejiro^a sulpbit® CS)(6)^, r&ry from 
0*1 X to ^ 0bm to 1 X 10*^* •#!» obiriously 
tke^s® ar# aot ia g»4 agr«®ii®mt.. The attmpts of @arli©r 
iaT®®tigators to^ dstablisii a talm® -fo^ tfe# eoa€m@taa«^- by 
asms of til® ©oaveati^aal ast&ot r#amlt®t only 
ia iatiff®r«nt iagesss fe€.eams# of tfa® ®xt»»iy lii^ 
sistivity 0f th® lit«l4. ia*s8tigat0r«.'tBi#3?®-
for«- rsBQ^ytsa to tto® »tifi#» of a galvma^aeter »ette4 
employing & ti^##t «a'3??«at^, ffais tavi©® is mt##i.3e&tel® 
b@€aas® ©f polariaatiea ph@a#a#aa a valm® s© 
obtaiaet '©amaot .si,gaifi®aat is tli# iat@ii>i^tatioa ©f 
©oateetaa-©# iat.a o^%aia#t oa sslatloas- of .th® fey 
th® um ©f alternatiat msrmt. s Uridg® mgtfeo-ft-
Tim ai©l»0trl€ -©©mstaat of tb® lltttia hm mt b«r@-
tofor© h®m rspoi-t^t at t!i« t©sp@ratur# ©f Sia'G«-
tliis is th® at wbieli %h» frepefti^s of soltt-
tioas in til® lirrBii liaf® to®®a invsstigatsi a©st mxtmslwmlj^, 
it muM aFf«&r tMt a teowl^igs of tim eanstant at tfeis 
parti©mlai' teaperatmr© :w©ml4 M 
th© froMea of obtainiag values for tM 4i#lt«tri© 
©©ustant anA sp«®ifi« ©aatmttaa®® -Qf th@ llt^id 
itsslf pFiaarily imt© thm •ehoim of aa alteraating emrr«iit 
terl4g«. aetfeet suitsll# tm tli@ mmmm-wm% of ¥®iry larg# 
TQsistaae® aai safa@itaa©«.» aaA into tfe® s®l®tti©a of a 
aetliot for tk@ proiuetioa ©f ek#ai®ally fmre .byirogsa 
siilpbi4«. 
After «msiilti^ t^« lit®ratar® relative to bri%® 
jfflethots aiad to ti#le«tri@ t&#ory fou.a4 
«3^e4i@iit. to treat tft@ llimid as .as iafarf@#t 4i©l@ttrle 
.s-liowiag l@.akag@ ©aadm^taas®, aad to eoastraet a -mniMmmit 
.Ijria^ network toy wlii^li tl@ power faetor ant 4ialeetri« 
0onst.aat of tlae liq:tal4 eo-ml-A b®, »eastir«t«. from tlisse 
•allies the «quival«at farall®! rosistaa©© was coi^mt#4, aat 
traasforati im tb@ ooRirsatlosal way to sp«eifi<i @.oa€m®taa«@» 
II» fHE PS,IPAaifIO» 0F msmC-iLLT Ftm 
tl tUID flYOROaai S1LP2I0S 
It has li«©a tfe@ ffaetie# la tfais lafeoratorf t@ pmp&m 
llfmi4 !iy4jrog«a salpMte fTmm lyar©®lilori# a-®ia m&. Iros 
smlfhit® ¥y thm ®f ^toay Magri ,(S> mm «©41fi#d 
by ;4«aia (1©)* fMs la ®titlsl'&®t©yy f©!- tl® 
ff©4wetloa 'Of, a lafg® fmamtlty tlie' li^mid 'A.leM Ib t© to® 
ms®4 for .®olir@at fiii'fo.®«s. H<we¥®r, f«r wcirl:, 
it s««ii8d aivissbl® tm ®«fl©y a ®l»fl®i» fm pmAmMm 
of tMm lliMlt# iit®-r«tmr® wm with 
mtMimmm t© .f©!- tk® fr@paimti©« ®f Jfeytrog®a 
smlfM.4® eat to tit® parity ©f tli® fr©i«t®t #lJt«ia©i fey tie 
0ar#ci«« • (ill f®w4 tMt fey4rog«a salplii® fr«far@4 
fro-a. f«3p© iJFoa mlfMi® anA kf4ro@blori@ a#i4 Is ^Miieally 
iMmmmf ami still r@»aiB«t .so mftmw foifft®®a fra®tiomal tt.s-
tillatloBS, "mmnm #f tb® ii#Q«stMllty of re»©iriag %%® 
iis.salT»a fafdrog®!! aat a laigbtly s^atel® ©ily aat«f"lal of 
M.g!i®r bcslliiig folmt (which :b0 t#©S: to to® feydr^gea f®lys«lp]ai4®s) 
la aa atteaft to^ pwify %m gaa sard©#© (IS): m1>sorb@4 th.® gas 
im sodim ^4roxi4@ solmtloa «at ag»lB lit«mt®€ it toy seidm-
latioa with. &ytiroelil©fl® aeii# fM® ^w&m®m fr®#4 th®. gas from 
til® 4iss0lT®4 liyir©g®tt 6«t -a larger fraeti©® ©f ta® ^igtor 
l^iling jiQiat stibst.an-©® itoy-iro:g« polysmlpfel-t®®) was pro^ 
-8'-
MmA thm ^yftrogem salpiilil# was tii©m ato®s.ar]l-
-M ia a miaeslm saspeasioB aat agala life©rat#t 
if iieating tlie Boluttoa* liy.irogea salplilde thuB pfe-
fai^t was nearly ti^e fTOn polysulplalfies aacL afttf firaetioa-
ilstillatioa gaTO a proteet tiiat Had a sait-sfaetory 
ieal poiat,« 
A eonsideration q£ Cardoso's sxperi#se« would lest 
om to enspeet, timt tli® polysEipblies wmm fom©^ tjss.aiis©. 
©f the lEflueiie© of -fc!^ free aoit tiB©-i im tlie aciciulatioa 
•pTQmsB for I a) psljrsiapiiiies mmm foa.ai ia tlie gas pro-* 
aused fs*om i:roii. sttlpliii® aaft liydi'o&li.loris .aoii jlj). la tto«i 
gas from miiaai aai iiytiroaklQrte &•©!% but fc) 
«©re praotieally afesdat fipoa t.He fej-^rogea 
®«lpliMe protoeed by tiie t icrtaal deeoiiposltioii of sag-
KftsiiM stilphifi© is. aome®^® soi.iition# It is proteftl© tbat 
polysulplilde# muM haW b©«a mntirelj aMmt It tlmy tm& 
m% to«eB eoBtateet im tiie ^yij^ges stilpliide wliiefe 'Was 
iise4 IB t&e toraatiott ot tue laagaeslm salpiiiH®* 
firoa thm for^goii^. it is to ^ eonolmted timt eli©®-
isally sBi th.ermdyn^ltiaJ.li' pare li.jtr©gea sulpliifi# jaaj 
b« prepa^M by tli© Ij't.yolyets of eertain siilplii,G@s,. foir 
«s»ple .alammm mlpMifi#. {wfaiefa. Jnay la® ©asiljr syatiiesiza.t 
fafom tile eleiri©s.t.s|« fMs lieal ease Is w<my m&Tly m&l* 
i^ad in t-be ilabermasa 113), *&©• la 180© proft«o#d 
lyiirogea aalpfeit© fef sulpiiit© with m. 
satwat## at sai %%m 
mixtmm to fro*e« -fls ,1® ••aii. «*©#@-4ia#f #»©tM ©ae, 
•asd tfe« m%® ©f gas #*sl.atlo» aay %m #«:siiy e®at3r-#ll@d by 
-raj-yiag tiMk- o-f tfe® 1# mm h.@artllf. 
©aafim %h& rm^mt «3f Bamiall aat Blelicswsly ,CM| that "tii® 
(hf4roig@B smlphld®) i't prdlately •prntrnw ttaaa. tbat pf«pai^€ 
toy amy other mmm 
Satwslels®!',^ Wtlkisses I lit* 4it») liairs 
sla®«i that tr«:©«» of wstftf a sar^t tafla«me@ mp-csa' t&® 
e©s-dm®tai»0« of liquid hy#rog@a The «se4 
f©» tb® f.iii?ifi«att#m mm A llqmim&Mm ©f liytr®,^» awlpMi'l^' 
i»¥©stlg«t.loa. m® m M&mlgmd m&% Mqmi-A eo«li 
m trmtimmlly distilled , iiim-ttiy tat« %h® %@st This 
•pmmm #ltMa.at®4" ill® F^ssiiiility of aay witM 
at»spli«rl® as i stum. , 
ffee stppa:r8ttM«' l« -mMwa ia 
1, 411 @onrt@etl0ias «?«'-©itbey giai» s#al® ox gr«aa€ 
gla-s® |©iatS:, thersfey f»venti^ -©omta^t -of tft® .fas 
mma mbb@T» AB latieat@4t «a® *as g#a#j"mt®4 • in flask 
(AI, was&aft with water-(B), 1>aFi«s sml#toliy#rat» (gj 
for tlb.® reao-rml of ae-ii tmetows saob as &&rh€im €l©xi.€-®„ 
drt@4 witM ©aleima .©lil'Orit® al«^m, salfM'i© (l}-g 
aad ftesffeoi-ms j^atoxM# If].. It was tht@a fasset ,tlir©agli 




THE LIQUID HYDROGEN 
SULPHIDE GENERATOR 
-io-
at atasjsplifgei® pressw® hj laeaas ©f a dry bath 
tlat sai'jeoaBi.ed th& eontease-r {H)# sad eoilastei ift tli® 
mostrntmr (I)#- 14 t.Ms iructioflally iietilled, (Boa-
dems#t at (Jl eollet:$#€ ia thm trnm 'mil (E|-* 
fiask# i L )  eoBtaliie4 thB. eoolime mMmm:*-
Thm ®«11 -gas l)lo«lE®i £mm afeiaosiB.@ri« oo-ntaaiaatioa. 
lay seaas of & anitafeX# trals ooBEteetM tte outlet* 
fb@ ^tal€lw salfMi# ^wi w&m mmuXymi. t&r mnl^hid& 
toy tmmtim ® #ai^l# wim 1:4 
®eia m4. ©atsMlag thm fertrogaa ia a asmtral 
S perceat ©ateioa gmlt&at# solatloas, pje^eifitat®# 
tmiiiliai was 'Ath m mmmrn ©f stsMayA 
•totia© aolmtim mA tla mm&B l©4ia» i»« titratei with 
staoiajri tto^lssmlftat® «.ol^itloa. • fw©'- dat©»iiiB«tloas 
ga-re ttas -raluas of 4©.§ aai 41 •§ #@at calcium »«lfM€@, 
Im «i€alattHg' tM yi«li ®f hf§xom^ smlfW-t® fr« 
this .astlaoi, oa® must tmk.® tato »asid@»atioa this l©w 
f^r ©est of #al@iaa- sulptti,® la tfa® 
I I I .  f m o i i i s  O f  n m w m m  
Uternatimg ewtitmmt feytdg© ssasmyeaeats ar« mi# 
arraagiag a aetwort. of #©Bto@tors,. wlii©l ar® faffura-d to as 
tM braii®li#s 0f t&,@ aetwork, aai sttf^lyiiig two fslats la 
th@ mtwrnrt wltM as alt@-3matiag: poteatlml iiff©r@ae@, while 
tw© otii-®!' poiats ar@ "tel-agea** hy m aoadttttor ©©aslstiag of 
a d«t®©ti.ag fbe farioms toraaelbBS ©oatala tlie test 
speeiaen aM tlie staniaris of mmiBtmnmt eaiasitaneeg ®tt.. 
f!i« eonstaats of th@s« feraa@iie,s are tli«a -atjtjsts-i mntll a 
©oaditloa of toalaa#® sxist« iikl©& 1« latieat©€ a 
sui'f'tat flow tbromgli th© feri%iag last?«a©nt. Tim eoastaats 
of the t##t sp@@la».n are thm deteraia®! talgiilatloas 
lavolTlng tlis. toalaao® eoa€itloaa* 
fh® msfworM @-csaalt®i'«4 mm eoapos#! of fario^is 
esffltoinatlons of resistaate aad eapaeitaa©©., aa4 a stat®a@Bt 
of the eurrsnt foltag» .i-elstioaslilis -of these s.lafl# 
omaatiti©® wiisa s«b3#tt®(i to alternating stress will elarify 
til® msm ©omi>l©x yelatlonstoip mhm tbsss mm ©.©asl'tsi^et in 
parallel and la series ia aetirar:^., 
alt«faatiag ©ui'i'eat,- aa4 lilacs®- t&@ irolta^: rm-
spoasibl® fo? it,. u.s@t to .sapfly tbe aetwoyii: is eiausoiSal ia 
®tormet9.r and h@nm is. a sisfl# &amoai@ ftaaetioa of ti»-» 
It also flows ia a &@3?ta.ia s®aa® ia tk® a«twork» l#-®aass of 
thfis© Tsltag,® aad th# ©arrent w&y l>» reprsssat-
•t l&y v@«toi's . 
• low -eoasiifsr the mm ©f a .©oat«aser that kas an 
iastantaa@®Tas etoarg® ®f g®,i a ©apa^ltaae® of C, tMa f!i@ 
voitag© 
®  - | .  ( I )  
Biff«5®-atlattng, ^«-|| (2} 
WMeli ia Ts^tor aotatloa {f is, 
J»9 ' I '®' 
fli© ii^«aaae« of«ra^ojf 
s « • , 
Tm 
TM pMm angl© 
i (5i 
0 * taa" ^  I *00 
fteBefoy® in a ptiir# e#a4«Es@i' %l® -emrraat la saiil t© 
l®a€ toy -J*, a f@rio4i or ia 
othm worts curreat m .naadtaaa a -tmarter p©ria4 
|tO*) Ifftfoi'® folt-ai©'* 
la tto® ©as#-of a p#rf@®l» mslst&nm the max:tmm mrmmt 
- 13 • 
flow Is attained at tlie instaat of m&xlmm voltag#, obTlomsly 
then t!i« TOltage md .©arreat sf©- in ffeas®, sq tliat 
z » H » S#. aad ^ » 0 (7) 
It follows t.ben tbat in &. eoatoisatloa of tlads® two 




tliat t,&e ettn-emt tliir®m^ tli® resistaa©-® is In ptos® witM th® 
vol tag® -wlail® tliat tferom^ tii@ ©afaeltaae© • Is out toy fo*. 
fh® net resttlt is that the total 'mfrmt thromgh t&@ .sjatmm 
tees aot lead on the volta,®e -'by b^t dlffsrs by aa angle 
$ te:o«i as the an^gl© -©f l©ss or plias® dlff®r@ae@-* 
For tills eoabinatloB (w » IFx frettieney ta e,p.s,-) 
tt I .» '1.1 .|,.....SP ii,.iu,.i..„i....i.if.T.i..i, . 
^. VI * • 
0 * • 
fMs farallel ©oaliiaatlem is a®#t ta tlb@ Kotolramseh 
*tlto4 f©r hml&mtngth^ isp@4aB«@'0f tb® flll®i. «6a4a®taa0« 





lis J- Imwm §lm*9 law t© 'fte- w^lM fm 9%mtm» 
lyt®»| at iMmmt la t:b© J?ang®^ of low lotdattal. .gra-4i#ats 
#j®ploye4 la -stmMart ©-^Mmstaa®© mrJE;) aat th@ spaelag Qt tlis 
gt.t#s wim t& m eapa@i.ta.a@«. low^«r 
It Is e«?t®la tliat ti»^ #apa®ttaa#@ is a for 
teaiaaeiag tli® mt tli@ flll#t t»«t eell is wa®li 
larptr tbaa t&at sallsd for hj tfiL« of 
tb@ test «©11,. fhis «x©«^iis is @amse4 hj folarl^tion,,. mhi<&h 
toas tli0 fr©i5#^rbi#s of #in«« el##trte®l «a#rgy is 
transfom@€ lato «liaaisal &nmsf tmrlag »®--lit3.f of tte© ejele 
•and reir@r.s©4 €airiag %'bs mmm€- lialf' jmriot. 
Oiffl#ma.ti©s iBtr<»ta©#i wtmsk thm lalamolag 
r@Bi«taa©ii- mitt®'® t^it® ,i«r®8 i&QQf$m- oftaas) "b«©aus@. 
of tfae ii^-®ssiteility ©f pratestag. »tr« w®un-a resistors of 
this ori®r of *a^ittt4@ that ar« r@«-etaas@ fr@«* flil.s difficulty 
my h® mmmm by «isiag « -asrita •t«%iBatioa ®f #«fa-0it»^®® aat 
r^sistaa®® toalaae® tH# lap#tattt« of tb® fill@t t®st ®ell» 
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« -^t^tt • l/aCsSs Ciaj 
- IS -
TMe series aii4 .parallel arraii.g«aatfS am simply related 
amd so far as tli# ©ffeet in tte attwork is @©ii@#ra«4 ar® 
etmlmieat* la wisi.^ke-rs? srraa,g®m«at aset for tstawiaiJig %hm 
of %lm flllei ©#11 tl,« registan## Is to 
dissiftt# thm s&m anD-aat ©f «aer,gf as tM •©#11., «a4 la ©«•• 
biaatl^oa ml%h t&© mp&Qlt&mm ^ glir# tfa« am# pM.s# 
relationsliif. Ofevieusly, %&#• eff®©tlT@ l«p®4an@#s ai« «^ual, 
•S.0 
% « Bp/{i * aat {14) 
St « 
.Am iii.sf#6ti@a •Qf- ©fnattoas niil sl&ow that a ir©ry 
parali^l r»sistam©@, m&h m f#t»t la pmrXy ton.4m@tiag 
aubstaaees, may l>@. i©t«.riil.ii«-t la t®r» &t m s»ll s@ri€>a 
resistaaes pmriMme mpmoitmrnm m4 t&® fm-qmn&y mm 
mmmmtmlf Mowrnm-. 
Wl&mimg ami pjkm (1$) feair® mndU'fst&d m m@mMr&b m th® 
;fOPW»r factor ant •©©a-teetivlty of 'ta tfeey aa^ 
m9. of tti# -sari®® ^oateaser s@tlio.a for 4#t@i»inlas %h@ rnqnir* 
alaat par^allsl peststao-^ of th® test mwmtmn^ <ftoir B®tw©ric 
Is a foar ©ond^'us-er brtdg® la whim mm&mmmm mm mmm& fm-
t.li@ ratio ara®» aad app#ar® to 1® am appM.,«atloa of 
lrltg«. f&«rs arm tmt Mttimmltlm m&mntmm€ ia^smefe m ^ ' 
Tm- first of %tm& ts tm ^apa«ltsa-@®-t©-gro«itt of ttt«- •,. 
parts, -aQ# ta# Is tte ®.qiiival«at seri@;s •r^sistaas® 
©f tlie staatsri «ond#Bs©r, llal®®s tliis is S'oall 
to tfe© r®si®taB©« in seri«t with the ¥alan9iiig 
.eoa4@as®r, its #ff©#t will a«t Is aegli.gitol# asd mast b« 
eoasidersd as a eorr@etioa fa-ttor, 
. Bmm&m of tb«se sossiier'dtlons it appsers-.i best to 
employ aa aqMal-ars brid^ lating resistor® for ratio arM, 
ia which oapa#itaae«-t©-iP'®ttBt is e«r@4 for by s#r«®aiag 
aad by tli# of a ffagasr ©artfa., ffe# eiremit Gt Figtir® S 
was «afloy#t im tfee earlier part ©f tMs iwtstlgftti'Oa,, 
%#% is tM farmer aartto maiti 1.^,% ^ar« tie ratio 
arm; im ttea pr#«isi©a e©a4tas«rj: 1.® tli® halm&im 
••eoaieas^ri is test #all, md Sje r@spe©tiY@ly 
repre-eeat tkm #qttiv»ls:mt s@rl«s resistaa#®' of tto@se eon-
iemasrs-, Qf aad Og r#fr@s@at tl« @a|®§lt^s(i#-t»-#art!i of 
tM@ sM-©l«(|« of «om4#ai©rs Sg aat w&il® aa€ % represeat 
tl@ resistaa©® faster of tUmm ig is tli« r«.siBtor' 
wHieli i^©a ia^ »erles «itkm with % ©r Qg* "by sliiftiag 
soataet 4 fr©a © t© f, will balau#®' tft.# ia-phas# •®©afoa@at 
of tlie emrreiit tbromgii am a * « ©r f - b, as tbe 0-a,s« may hm, 
fhis eirenit ©aplojs thm parall&l substitution .sastliod 
f©r -eompariag the t#st #ell *ltli tb® f rebels tea eon-teasar 
Sgj, fhis method is fr«farr#4 abow «3tk«r astft^oas for ©ojngjar-







FIG. 2 CAPACITANCE BRIDGE 
• 18 
©aly OB® a@-aa8 is la telao«lag tb# bri-i^* Ha>w®¥®r in 
tills i»tbM it Is m©®#ssary to lai«3tw th« law of •variation of 
til® if0slataae@ with tli® of %h@ preeiiissm ^©n-
altliQ-agJ& it is »ot a#©«sssiy to taow tbe a.@taal 
pksfise aaglea at .tk© •ai»i«»tia s®tti»gs of tila eoadenser, for 
m €@tmilei mmmmt ©f %km »41fi®d s^bstltiitioa »t&o4 aad 
tit® i@iri¥atioa of tto® #faatio]i« mm® FitM flf|. 
It was fetasi that thm- eafatltaa®® of ©@rtaia of omf 
e®lls., mhm. @afty aa-d wl^a fill#,t witM %hm staa4ai?d ti@l@'<itri© 
b@ii2©ii® .{18}., #QtiM b® #li#e-X®€ ov©r tli# «atiF® rang# ©f tb# 
preeisioa @oai@iiser, but tliat th@ affartat valu® ©f % varied 
witb t-li® setting 0f this ®©M©a»er.. fSieir® was -also aa 
aljaoraal • shift of % witM tM tTmqnmmf&j* fe -ror® at a loss 
to mii'&erstaad tMs mriattoa la % wliil«,Gx: remiOBd s© 
n^jrlf «0Bstamt#. -Is m .att«itpt t© Xamtm it# nans® m 
3tit«t«t a iSeaeriO. Batio air s-eaitmssr for t&« t@-»t^ eell &a€ 
fomi ti»ftli@ variation still p«rsist@4. fMs #®ml4 ®aly 
•m&n tStat tier© was a iefaet ia tfa® wmtmmk* w» tkmref&rm 
r@ealiisrat@t omr- useillater, r«%mllt our "briig® aaA latrQ-
dti«s®4 iateririA^ triaisfora«re @f astatie oQWtrastioa to 
i»©lat« tto sotir©# ajia 4@t#etor from t&a feri%® proper, 
Mmoto to 0itr 'ttMaf,' thm error .rtminet., l© t^a found that 
sisiciai (1®), wM.1# mlng tht mmm tfp® &f astwork, h&A 
obssrwi tl® sas® sfftet oa Ix* S# aati#ipat®€ tMe ©xistanea 
If -
Qt •'atra.f eepa©ttea-@®« #s?ror^ aat'tsrlwt tl© hrldg© n^tuattoa 
assuaiag a ©a^paeltatlf© slaat,; l^Q^, m- %%• as th® «ase 
m&j b#,. a#j*©s0 tM aia@4 »si.sfe@i? %• fMs analjsi® yi©14@4 
th« ast'salahiag resttlt that tii# Qf .sneh ® "stray 
@apa^©ltaa,e@" Is ngt fl^ap«s«t«t l»y tlm lapter- gromd. ^ It 
has a aegltgibl® ttf®m tb® «apatit'aaed i@tets»iBsti©E 
of Sx:! l»at «at®rs as. m s#'^o«s @orF@©ttoa fa^tof ia tfee 
©vaimatlQa of %• 
Slsklat Clof* 0tt«) bas a aetmirk fsr tli© 
i.®t®i«i.aatioa of pmmT faster tfeat »tee« tl@ iis® of t^e 
resistor'Eg,/•maaeesB.sary aa4 tkmmMm' «li»laat®s 
the atosf^ sonrm ®f m hmv^t moilfltt omr 
a©two3p& a©«0r<ll.agly ma& th# -slrstjit is aUmm ia Flgur® 3. 
TIlis network aakes m@e of tb® parall®! sa^stitrntioa m©tfeod, 
aad of a fagp^f" grottmi,., and ar# tlie ratio aims aai. 
ap@ sliiiBt®4 .s&ieM@4 •t9nt©ms@i»s -ei mi. 0^,* 'Sg Is tli© 
freslsion emtens^r and is a laias-tiag •eoat©.iis®r, Sx i-® 
tht test 6011^ 4 is tM mmliti0t:t aaA 1 ii|-ii©at©s th® 
tml®phoms* T% aa4 f^ «r« res|>@-etiv«iy %h@ stoi®l€t4 iaimt 
omtpttt tramsforssfg,. fto©. wa^ief g3r©m€. i® TOapsse-i of 
p«si»tsrs Mft. a@ aa€ Ig ^«®t«aii©rs as# 
file brldg© is by s^ttlafe % at -soaw eoavealeat 
valm®, pla-eing ttoatast h m foiat f, e©ata@t S poiat f, 





FIG. 3 SISMND'S CAPACITANCE BRIDGE 
- Ml 
b&laam is jS«x:t the Wrngmr-^grmM balane® 1® 
s@@ar@4 by ftoowlag switefe s to «©ata«t ® amd a4|«stiag 
Hg aat Sg. Switcb s Is ti^a retfflPit©d to poiat f.,. as4 the 
fiaai balaa©# • obtaiaei bj adjusting Qg sat Og. flais »tk>d 
is tl4®a mp@at&€ with eoataet to baif®ly r®*o-v©4 from, point 
•f. TMs mquirm tk@ d«felopa@iit ©fa a®w tteliai^qa®,. 
ami Is t&@ «ost .iafortaat siBgi® operation of the pmmdtirm, 
l3Etfea@. ©are must fe® m»4 to ®,xa@tlf .tepll^emte the removal 
of h from Pf otlierwis® ofeservatismil errors will be iatro-
toeet* Tilt eapaeitaae® ©f po««r ratio TJ^: 
(ratio of ©qtjlTralent s©rl«s r#slstaEe6 ts rea@taa@®) ar® 
fsiant by th® @c|matioiiSt 
W9 prims 4motm %b& obtainst wima eoa--
ta«t li is bar@ly remsir^t froa p©iBt If It aai Ig ar« of 
•sjiaal Taltt© Cwiiei is tm® la mr B&twQrk)^ th&n tt® 
equations re^ude to» 
% i O3. - 03 (16) 
r(x f ^iGi/GxKS^iQM - Ct)3 (If) 




•la .«as® ratlo» is low .th@a-©fmatloa 
19 gives %Tm pomr 4lr#etlF, ©t&©rti.»®» 
""I ifmmw tmt&Tlx * sia tas (10) 
®faital.ei5tt »eri«s i*-«sit«ia«e., %», of ttie %m% eoa4@as#y 
is giwn 
% -
aai % is -Iraasforaet iat# afuiir&ieat pa,3Fall#l r@sistaa«5« 
hj eqmtioa IS. 
- m -
1?.. tm esLL a®stasf 
mil mmstm%0 k@, of & A©ss 
sspairatim is 4, aM whose nalfoia mm& metim is A is 
©3E|tr@ss®d -If th® 
^, • I (22) 
fbis ralationshlf'i sltfeoaglt hf Partor (80) 
has ti#®B shorn" to b# irallA toy I'oaes 'ISi.)#' fii® oiimeridal 
valas ©f k@ is «tsiially"t®tsimia©4' |jy ^msaring th© eoadaetane® 
©f a .golutic® whom si«#ifl« eoatmstam#® is kamn^, !,©•. 
vayiotts dil«ti«as of fotassi-os sliloriA®* 
fli® ©faluatiQa of a -eomstaat far a @#li Qt lasrgs qtoss 
seetioa aad of mtj small el©@t3P©4# sefauratiaaj stie]a as- thomm 
•tts©t foi" mrj fomly ©©atontts® seliitims,; i« a matteir of 
soMe tiffitmlty aa4 tuit« ©ft#a sa iji^ssifeility ¥y tM @<m-
•r@ati©aal aethoAs ©f thm- pM@mo»®a« as polari^a-
ticaa,. tost ©ffasts-,; at®,) ©Beo»mt®ar®-t-dwiag %hm m&mmrmmnt 
of quit® «all r-esls-t-aae©®., mmm wtt®a th# mmmt tiMt# of 
8t-aadair4 salt mlutlom is ©aployei. It themtoTm 
©l>*io«s tliat a si^@ial sethut -«.st 1# estafelis&®4 fcr obtaia-
iag tto®- e®ll eoastaat- for m «mll *©s@ ii^iisim w«3-tilt to® 
saltabl© for %hm mm'&mmmBm% of th.© «p©®ifi-© eomto#taa@# of 
- M 
iQmtlom -©xpysssiiig tfe# <§©11 -emstaat, is T©ry 
related to ttot® ©quatioa far the ei®®ti*t®al eapaoitanG.e 
%& -of a parallal flat® -eooAeasstr wli©s© ©.r©ss s®®tlo« la A,. 
aad wbos©.fist@ sefaratton Is 4 aat wll<5fe Is fillet with a 
a#41wof tieleetrie eoastaat K* 
. atsee ®ae mt©rQt-si#i'o-*farad is eauivalent t® ©•t 
^i©©iiti»%®3f, •@qiiatl©a iS'tn t@ims nf •^lS.#r®-«ier€H•fi^J'ats 
In #a:seaeasiJtreaeat of 'Safaeitaii®# is #arrJ ed oat lAea 
th© ©ell is air filled C4i«l»etirl@ ©oastaat of air- is 1) • 
etmatioa t-5 r®dm®@s to., ' -
m} 
( .9 ji TTt 
s-olvi.^ ,«twati-oa S4 for -It i# fomad ttot 
Ci4) 
cas) 
feat 'fts ^11 -©oastant, s© 
4 o.,,0Sa4l Jr a S- se iWilS' (27) 
• 15 -
fMs AerlTatlea *ay ©xteatei to tkm .eas© of a 
#@11 liavi^ two mmxlal eylia4eris for #Xe@ti'oi®s. 
L@t A ® »ean area ' of t&© two ®o.axlal eyliafisrs 
X * r_ X i  X Jirr (18) 
m 
Whrnrs L « Isagth of., eoaxial eyliaders m& =» a«an. 
ratitts 
r. 
' Ln-^s /r j 
IJL^i (S9) 
la wMeh r^ is tha radios , of the larger .eylloier sat rj is 
t.h® ra4iu.s of tb© .saaller,. %hm 
•STT.Lira -* r,| • 
Stitostitmting-the talm^ for X ia ®tmtioa SE., %hm «©11 
eoastant, for t«o ®o«xial ©yliaiers' Is 
k- .  (31) 
® ^ TTLlro * T-,1 ^TTL 
Ln s/r^ 
TM® ©loetrieal ®apa€ltaaee of a @oM®ns@r having tvo 
eoaxial eyllBters for eleotrodes of i@Egth ra4ii r^ an€ 
rg.» ana fillsd with a iieleetrl-e of •©OB.staat K is 
0V-?" TTsfrrrr * iI^Aj  
soltiag ©gmatioa Si for-whieii is tlie wlm@ for .tie® 
e«ll emstaat, n . ,  Q t  a ©#11 fiiaviBg two ©oaxial gyliadefs for 
@le®tr0-i©8,, it is fo«ai that 
(33) 
• Sfnatim & is f-oiimt th«a t©'%@ ii®stital witfii ,• 
#<HiStlom and ia m-m ®©11 is air •fill«4,-. #t^ati«® 33 
•r®dia'««s to 
is identical mith ©tmetiQH 
Xt wmM afpe-ar ttoea tMt. tli® eoastaat Sqt a @©11 of 
my step© mj fomi ia t#rii8. @f It#' eleetrie-al ©apaeitaae®.. 
WmmmT, th&T& mm eertaia. lialtatioiis t«j tki® »tli©4 wkisfe 
mumt l>® ofeserred in pra©ti@e*. SftiatioB M bolds tb® 
41 Stan©# feetwesa %hm ffiylimder® is «all ©oa^arsd t© tlie i-aiius 
of the ®la©troi@, aa€ makes ao attempt tO' ©©rre-^t for, ©dgs 
#ff©©t.,. i,e. friagiiie,|. irfeieb 1» smsh. a tas© womld to® «all.. 
• la the «@11 •i@si.gn«i far ami «^4 ia this r®s©ar«li,' 
th® @4g0 eff@et has h@m mate ,a •eonstaat hj th© »»# of suit-., 
a.ble gimri riag®., and is iadspeadeat of the 4i-®lettrl@ 
eomstaat of t&@ aeiia® mhX'^h fills thm -@@.11. iQuatioa 
holts ti&siwmslf umrnt ttmmm ©oaditl^as* 
k® « q.0q841 
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o © I 
.aeasmrsMa.ts,. aa€ was bwlll fm us toj a fspmtabX® e.0TO#3?«tal 
fim. It «oasist©4 of thi?##- eom^mtri® platloup 0-ylind@i's 
b@14 apart -by foall mim w#%«s, wtteli »» s@al©a Into a 
p^p-ex glass eoatata^r, fhe cmteimsst of tbes® •c^llMers «s 
eoaaeeted t# tlie low -i^oteatial is®iat -im t&s ferl4g# aetwopk 
amd til® factor aai safaeitaae©- mmsvLvm@AtB wmm miis 
oa a sbiel-iet aetworlE •slmtlai' t-o tli® (mm&wal iddi.© typ® El© 
®ata®ity ferlai© -{if ).* 
fla.#. •fower fs@tor of ^ts absolutely -try^aa^ -elQaB ®®11 
'at fti e.-f..s-* was i,003.» aai "vari#4 ia -aa atosmri aa4 mail'®*-
€l.etat>le ,aaaii«r with •tb@. fmqwm:9y* lf« 'tii# -smgg@«tloa of 
1.,- f., Flsld fli-« as-seafdl lail© Qmmmf$ 
kiaily fayat-slie4 -as wltft diit& oa t&-«' f©*®? imtom &t mim 
aa-d Pyf-sx flass aa4 wlt^ tb© foll®«isg ®<|oattoa fof s^aapmtiag 
til® tl^oretl##! fove-ff fmtm ©f ow t®st wll, m ami.# aa 
analysis- ©f t&® -©apa.tttaa#® -tiati^ibutisii ia thm test -®®11, 
It ms fmmA that at --a fr@-ta«a-«y -of f9-i -«*!>-• s* tl® eafaeitaa#® 
aa# t.o tl® ttm% ©l#-iit-i^'4« ar®-a m.m 4f.S^^r» «A tee 
to the mim ant glass sufports *as -Afeo^t 
-E5 p^r «®at -of tb# total mil #apa#itaa.®#- w&s -toe to 
©le-®trote spaeefs,. ani. "tMs ia ttsslf ie of to^mrs® ©atl'rely 
iiBsatlsf-aetory fo-r pr@ei«loa wark* 
SMbstitiitia.g %hmB® w&lu®& aai tfe-at for tli@ f&m&r fmtor 
of alea tn tfa© #-qmatloa^^ 
» 30 * 
HMl - .ifi ,35, 
Cla wbiea Iwe. is tk@ apfroxiaat©^ power factor of thm %mt 
e«ll, Is th«. p3wa-r fa«tor of a par® mir •eomieas®-!' aM 
i® @qmal to (tw©)® i» tit© •fower fa@t©i" ©f »i#a ant is 
0«0004» is tto®. .«fa©itaae@ of tie fr@@; «l®©tro4# spao® 
ia «©iil®as#r, ,aa4 i® eapaeitan®© €»e to mioa. a is 
tm #-<|ttiiral#at' 3»#iri«s i»«s£st.am©«.>, ®m4 w is ©t'lsl X-
fre^gaeaey ta ©•]?•&».i gav# a th@03?#ti.©al valw of 0#00001 for 
tb# -to«@r fa®tor» ^UsSag tl® ..saa# #qmatioa aat 0,00® for th.® 
power fa#t@r of glass gat® 0,0013 for t&# tl»or@tl-@al 
valwt®* fl« ws-asmrsi fowsr fmolor was 0,003.. 
. f&e fow©r fm%QT of an iaperf@0t «ii4sss@r Is sia a 
'ami for saall mXm& .1® #fmal to tan (Q Is %hm loss angle 
la the oondoaser.) fh@ eqmlvalent fmmllmX resistaao® W of 
th# t®.st 0,«11 i» given fef Cf),. 
' taa 0 
an4 in thQ oass of ths «11 ttaa@r e'aasli#ration had a Tala# 
of apfrO':slmt®l.y 1 x 10^ ©-lias. Slaeo the sftoifie •resisitivity 
of liqmi4 hytrog«a attlp&it® w®.® fomai by SatwalaMr Cloo* 
It ' 
eit,1 to of tfa@ or4er of 1 ,x 10' ' is obvious tMt 
thM ©qmimleat r@sistaa.o@ of tM mil womlA eat@r mm a serioa® 
oorrsetion faotor, la faot tl« ©aargy lo#« ia tfa®.0«ll womia 
h® apfi-Qximtaly «q«al to m&% @f tm ilqialA fe#lag mrnum^ 
sia®® tM «@11 soBStant' wa# approxi«t@lj 1 x 10 If tl» 
loss ia tl# ©@11 bad %mwL frotortieasl to the 
if Slight to^« fe®#.ii eoasi4#r®i stiletlf abai® in aattare aM a 
smitaM® #©irif®etiom «a€e,.. 4a it was* tht e®ll was frobafely 
sbdwiag' a¥s©.rftiQm aBl a @«rr«^tioa fsr its mfon t^ie 
©oaia«taa©# woalt-'b®' iiffi.@alt to ami w^ult 
l@ai t@ .©rroaeoms yesmlts^. Tto ©ell als© sMowsd a sbift 
of m-pmitmmm. witb^ tto# tempmvmtuwm aat fr®tm®a.ey, •• 
m ideal @©11 woald fci@ ©o® tkat has a s«o loss angle, 
aad a ©«pa@itaa«@ ttet i«omlt hm as" s«a?lf e®a®taat as 
t&©or@ti@allj poasibl®, -Sm©! a ##11 womlt tov# .gtiari tings 
t© talc® @ap@ ©f til©, friagiag #ff@@t at th®' ©Iseti'ot® ©^©s, 
aaA wottld hav® oo . s©li-4 tldleetri# ©app^^ytis bstwaa th® jbigli 
aat low potdatial el«@tro4«s« Fi#14 {St| hmm 4®8©rtli@t sneh 
a ©@11# give a a @®Bai4ey-ati#a ©f tkm ©apaeitaa-w aetwark 
that it reprts'nats, Om f@»t ®ell is •mmmmti&llj thm saas 
•as tMs, •«x©#pt tlst th@ $l@©troist ar@ft has hm@& M,€ifi@4 
to ia^reas© t&® "direet" @apa®it«-#© ®a4 tE# ©oiitaiaer Ims 
%m-m sjp«'®ifi,© tt®«4s, fli® mil im shmm 
fiisgfaMatieallf-'im •flgar® 4» ff# f-«a€ it .satisfastorj 
ia «T®rf r©sp©«t« It has a sero lo«s mmgl® «t low voltages,, 
aad ©liaK^s in its gs-ometrl^al eafaeitanee mmst M t@t@®ted 









FIG.  4 
THE TEST CELL 
S3 • 
md i«ad -irtres mm mlnkml ^tal. All mmmmtimg 
wimm. ar# spot-w®l4»i to t&@ ©l#®tro4«:a.. fla Mgh p®t©atlal 
@l«sti^i!8 1 tias a l@a^tli of IS @m, aai m ®xt®-raal €la»#tey 
Qt m* It is fe®14 rleitlf im pla.@s % shfialslag onto 
pf^@3E tub® a# low ioteatial #l««t£o4« F has a l@iigtJi 
of 10 m* m€ m. latwaal 4ia®#t#y- ©f «a.. ft is firalj 
«fe®4^S®d in P'lirtx tttb® Q:,. Tk& gm&^i rings B a»4 b' ea©li 
,$.<».• im l@agtli aai E.i m* inta^aal 41aJ3Qte^, . fhmj mrm 
lifeewis® @sfee44#4' in pyr#E tB¥« §. fk« mtaee- ¥®tw#@n tfe© 
g^ari rings mnA th& low pot#ntial -©Itetro^® is !•§ ®®» A 
is th0 m-p of the csll to whiefe fe® fyip©3E safpsrt# ar@ 
s@al®4 aat tteoagli wtoiitM th® leads ajr@ bTOmglit o«t 'by mma 
at taagstea wires. 1, is tli®. ^oataiaer, mi® of P|t#:e glass 
aa4 fits :iato ttee @a|^ hj rnmm of thm grewS s«al S. f&s 
fUliag tttl}«s mm- lik&wim ,fro¥i4@4 iBith. gs^&mi. mam&t.iom» 
for ©#aii@^tiiig tJae «®11 *itii t,b# gsa^ratar. fh® overall 
leagtto #f «ell is S# «• '.aat tlit 4i«aat®r is 
4,S m, fim ll%mi4 tsfatity ©f t1l« ®#11 is too e..®. 
fli® iapartaat f«at«r@ la tl« «®tt«triittti«a &t tto® ®®11 
!«• tl0 -afeaea## of mXi€ s«ff»rts 4ir«etly bmtmm tM® high 
aat low ®l##tro4®s, fkmt® Is m iMlr#«t path mtmm th@m 
turn 9lm%mAms tter-o«€h tM»- rp»iE a Soweirer it 
is to 1.® B©t@a ttet tto ga.art riag 1 is iaterposM Mm, 
Sia.®® tills ri»i is fflaiatain®4 m% ©artto potential it fellows 
«• 34 
that -Ujey# Is ao l©a,kag«» th©' fitgM amt low 
potential, iisetrodes.-
TM t©®t @©11 hm a •tlfatt mpmltmrn'^ &t 40.4q,>^ »> 
; l k 0  * i i a ? © . # t  # a p a e i . t m i i « * *  i ®  t & a t  < g « p a # i t a m e ® ' i s  
«®astti«<i l>@twe®a mlmetmiLm W m& E« 
- ss 
ti. mi seaiiss 
CAPAOITAMCI laiBSl 
fMs t&SQi?«ti«al asjf@«ts Qf tMs i»-%i»qjS: fea¥@ bisga 
disetisseA else-wk®!'® in this pafsir,: fb@ feyiflg© jsmfsr is 
s«lf sontaioed withia its 8ta,i«ia. aatil is mum<$t9& to tJi© 
siii«14#d cag«iiiato-r aaA d:®te@to]r bf »aas of taplex -calblss 
ia ®artli#4 slti^lis. ill #liiaXAs a» •arttod. at • a .ooaaoa 
Jm0ti©m., :• as arngg^'Stdt by .Iiga» t., fa|pt- -to, ail 
f«3?ts &wm ®oa%aia@t tu Imtiidiml, ©-e^iarfcaemts of m 
m-ppBT alloy h&z, vhen ia-iiviteal «M«liiBg €»f lead 
b©t«e«a ,@^^i#artoE»ots was m% -mm 'Tvlwl 
oae ittth liol#s aa4 '1^.3?* figit to 'to# »@lf-snf|iQ.rtii^. 
,Iat€irterii«t' tpansf^ma-irs of astati® s^astyaetiea eomtai.a®4 
la iativlteal ®0fsMslds wr« »#€ Im eomoeeti-iig 
brid^ with the mmtm «4 All. eoat'f^^l® ar@ at 
eai-tli fotsutial aat this •.r®te-@e« W qM I j •eafaMtaa-®® ®ff@ets 
to a aiaiffloa.*- ixtrsTO oai^. iisisd ia solt©rlag ®il 
•@l©@trleal aai la thm flasing ©f th® o«foiteat.s 
©f .th® network*, saeh' a tevlo® as hS'^^ia tes#rib«4 is aa 
ittstr»®it of very high fiwoimoa., 
1^ Thm. Q&millmtoT, Sr. -fheotor® aiis-iloirs^ of th® 
ao©lE0f«llsr lastitmt® for Beti«al Sssoaroii fox-y ttailj 
 ^• 3§ -
ftiralsbsft ub mth mnstrmtionml^ ietaila ©f tli# laprovei 
am€ta--fi'®qm@a«3r ©s@ 13.1ator tliat M is asiag.. It im m 
l-eel#is .aii€ .forisa •eiremlt %& hy 
Qr» S« frm'k &t t]^- llit®a'©lims#tts I»»titiit# of fstMaology, 
It- Is salt t© hmm a wmrj g#©4 fora -aai a mrm -©©astaat 
fra?in©a©f tlam the om@ tmb# t|p©^ mth tli#s@ trnmtmm mm 
la|}©i'taiit to ms tli® sQlmtloa for @quival®at parall©! 
resistane® is tli® poissr factor ©aiistiQa mntalm' a fr@t|tt#a®y 
terii. fto© mst t&er«fQr# h@ kmowa aat •«o.iistaiit,» 
After «OBstrtt©tiBg oar os-eillator from ths hm% farts 
obttlaabl© ia tlx® «rk®t, m ©alibrat®! it# fBsqueneies 
against m mmr&l iiailo Master Oseillator at 1«41'Q statloa 
WQI# aai'also ©xaaiaat Its' wnv® fom 08 tk# 0s«illagrafli 
at It ,fr0T#t to- h&m a v#ry a@arlf siamsoital wa¥® 
aM %h® sf#'#on,d frss^at *as tearely amAlbl# -idthi awltl-
stag®-' a^ltflemtion. after t^t ©afaeltance teri-aii® mm toalaased 
f®r %%% f •oaterotal. W# fomsi., tils #setllat'«p switabl# 
t'A. m®.Tf resp##t m& mm^mA it highly fm low Toltag# 
©aa4m#taii©e wmk, . me am&lll&t&rj la a&wa •atagramatl#aliy • 
ia flgmm S. 
g, l^teetor*^ Th@ i@t®«tor tos , eo.astrtt®t@a la 
this liifeorat^y fro» staaiari parts. It -esmsl-st.s of m two-^ 
stags »flifi©r ani Wmmtmn lle.ttrie liigfe iaf#4aii» 
t®l©flioa©s, Th® first stage Is transforaar #ospl®€ aai'th© 










tfa®. ;se-0oaiarf ©f %hM lapmt is ©f 'dia-tia^t 
atiraatag© tering tb@ pr^iialaary toiilaneiag' ©f tli« 
The eiremit is s&©*ia ia vFic^® i®' 4o mot teow tM% 
tMs ei:reuit is fa»isli«d aai ©iaia ©rigim-
alitf fer it. It is tomilt al©ag g®Bt,©raI •pria©ifl#g for 
aJ^lifis^s, aat lia« p3r««R qul%w @atisfa,#t0irf. i@a«8 and • 
loiliag#3r .(^} liavs pifclis&td m a#eoMa% ©f am iapwreattent 
i m  t l i © i r  d s t ® . © t s i * |  w @  f e a v f f  a o t  f e m d  I t t © ' a a f c t  
mj so®li stoaages ia @af iastmatat, IA. a.S'* 0p#rat®d 
4#te#t©r -was TOasid^j-ed,, Mt tli# idta was giwrn tp hmmm 
of til® diffl@alty %Mt wemM i® f©m»d in d®t»istiag tto® last 
Jading aot® of %h®-. dm« to th® sixty eyel# 
lim im s«#ti ia-stfweats* 
fb® ia®«aiag ©f tli«' a©tati#ms la li-g«r@ i is gltr«a 
%@low: 
fi — Ste,f-tt,p transforae:? (ratio IrS) 
Gj — jolwm .©.ontrol 
IH — Sfitote •©•oil (1 H®«ry) • 
H — H@ad pkones 
0X230 and HXSSS — famim 
f Mier©-farat , 
•• Qim. 











O.I>LF 4.5 V. 
hlip^ 
1 1 1 [^90 V 1 1 1 1 1 •+I80 V. 
jl/ EARTH 
FIG. E THE AMPLIFIER 
m « 
S.ft TransforaBra* A go©4 ilasusstoa of 
th© th0oww aufmse of sM«14®i traasforaers for imp®4«Bae« 
l i r i d g s i s  i s  f o m & .  i n  t h e  © © m e r a l  B a t i ©  l X f e r i » a t ® r  { M }  *  
Th0 iafimt aad outfat transfor«srs ms®t t© ©oameet thm mui-m 
ani detector witli tli« bridge ar@ standard parts froa tM 
C^mral Badi© type 21# ©a^aelty' bridge* Th&f are- of astatie 
eoastrastioQ mQ. t®ttd tQ i»®lat© th®s# tastra»ats froa tli«-
brldgii,, as weli as to matisfe iap#da»-©#s bstwtssa tli«®@ farts. 
fhiQ iaportaae© of tli«lr um i« sow f©a«r#lly reeopiize-d* 
fh# Wagtt@r»#rQmd gtr-gtttt». fliis ©iremit eoasists 
••of tm iBf aad a@) • iyrt©a-P#rry eoils Ct@m#ral ladio) of 
§mQ 'Qimm m^h «o'iia®-@t®d ly a 3.0 @il» rfe.#ostat, and of two 
(% .®Bd .0^1 air ««ad«ns®rs, s®rtto a^aaettloiig ar@ 
,.aad© as indi#ati!d ia Fipir@>3, W&M9 ISO. 
Smtio ATM, ?l»s rati© ams (li aad 1^} ar© saeli 
•g'OO'O oto eoils. wamd' ©m a flat lai^lit# ©art. fM# nait 
is a standard part fr#a thm mmrnml ladi® typ«- SiS ©apaeity 
bridg®, amd is morat®d ap«@tri@ally wit&ia its slil#ided 
mmpa.T%mm% by »aas' of a pin tiat pasaes tliroagh its #eater 
to the walls of %hm Mii@M, 
S, fli® BalaaelM gpadaiigerg., •eoad©ai@rs Sj aad Sj 
mm tbe fhas® adjiisters a.ad sMat -toils Hi'' aad 1^. fM@y 
are -©oaa^e-tsd iritli tbair Yielded si-des 'to tte@ -aidfolat of 
til® ratio araa. Oj is a type mm mner^ Eadlo -ealiterated 
41 « 
©0a4ea«#r trad % is a Lesls aai 1byp» 11S6 air 
.®©a4eas@r* l-aateer ItOMf, tbat ig #alitorat«4 witliia -
aat aay tea rest t© 0.1 4iTi-si«, 
e©a49ttsei?s- Gg aat 0^ are fe©%li 'S^^ral aadi© lastm-
meats» is a typs SStB , e©a4#as®r aai is #alil>rat@€, 
is tbe tjp&iiSBL frs'eisiom ©oatenssr ami wa# • mlibrat^i 
sak®rs to withia. tir>^ ab,s©int« ©«fa:@it&ii@#.;. It ms 
r#@aliteat«4- ia this laboratory ia tsras- ©f a ••swili air 
.e©»i.«a.s@r tliat s .eafa®ita»ee tiffe.ysn©# muM 1# ©totainet 
t© aii^ aeettrm#!' of or^. 0,1 per ©est# wliie&e-rer is tli® 
larger (Ml'. fMs i-s ferstig&t alomt tey t&® faet tliat 
this Qm&mnmT -©as reai t© 1 ?art ia 26,000. 
- m 
m, f® SLsctai-OM. eoHSTMfs won 
hitmoq® smphibl 
fl» trtist 1*4, afta* li#t^ ei#aii©4 ani 
;'drl#4 ms wttb fmrt ll%mi4 hj4rog#a #uIpMa®" Isy 
' pT®fl0VLslf 4e»erlb©4 aetlioi. ST«rf praesntl-oa wa» o^serrei 
t© lastti*® %lm mfaytrO'H®: state of tn® Hotiit,.. fh® filled eell 
was ttoa tran.sf©rri d to t&e network ami tha foileiwing' 
©bsQWatloas mad® hj tb@ p3r©#©4ti3e® satllaet tm Sis^iat*® 
ea#seltaa®@ mmtrnTk, "fto® prifflss iaii,«at# the w^®n 
ths t.#st @®:11 Is r®a©-v#i fraa tl# elrtalt*' fh@ m-Mm&mm 
Oj.ani §4 w«r© set- at « ®oair@al®ot -faltt# aat were mot farl^i 
at aaj time teriag th© d®t®imittatioBs» Tli«s@ eapaeitait©es do 
Bot- enter lato thm ealsaiatloas. 
- 4s -
saipli i 

















































































testa @0B.4tt©t®4 ©a mm air test sii-Jl 
for tl@- walmmtlea Qt its "tlrdist. eapaeltaa®©" am-i 'f®w®r 
fa#t©r ga-r® tie followlag result: 








0^ . ' f#.0 
a% » &f,fi ilirl^ioas » 
acg • , 
• f'h® '^ir®«t ©iipaeitaii«.@*» #f th» test e«ll is tfe®r@for® 
4kQ,4Qy^W aad Its power ratio is z@ro sia#« 0,g r«iaain®4 
.e©ast«at. Thm mil ttoarefor# ©'xerts a© •sto.ttatimg ©ff®et mpoa 
tte@ lifiiii beiag TOas«trQ4» 
Smfestitatlttg t!i@ mil 0®paeitaii-a# ia ©qaatio® M, 
page ts, giv@-s tb© ©all eoastaat for 1-4* 
ie®, * 0» 08kj^x sa x lo"^ {3'? i 
40.40 
fii« pr^eislen ®f this »asiar©»at is this • 
w m r i n m m  woula, .gl-ve ®®11 ©©.nstaat •tallies fr©a g..0.0tlt3 ..to 0»00s18s.» 
O,0.§gl-88 ta^ea as tli® •e«il 
fh.® data s®#ttr®4 ©a 3«apX@ I hj the £»f!"©*«€.tori4g« 
ast&ot for ©aleulatitig tk# iieMetrt® $#astaat and th® sp«eifie 
©Qiite©taE@« of pur© liciiiA ,kjtr0g«a smifMt# arS' sia*ari2«t 
:te®-3.0w* . • . 
# 
©g » sg • 
% » Ceil ^wkem ,l^S fill®4 
03j.« 'C®!! ettpa«itmae« tAsb air filled 
sooo e-.i#s^. « fto# f:r©c|w®b'©y 
•-fs.i'g. »= f&@ t®aperatmre 
sj * §000 vo-" 
0* » 938^1 
. « m3.8/>-f 
aabstitutittg ths velm of #.amtioft lt» 
al, iato e-quati©E pag® Sg, glf#s far th# •@qiii"fale»t s«ri@s 
resistane® ©f th®. test sp#eiaea. 
« 47 -
" (38) 
Sine® eoa4eas©r Qj tos aet var£®-t .Gj l.s ®-omaJ. to aai 
©.quatioa 3a beeoaes^ 
e ii,ir^„%i,,fb.,.. is9} 
almplifytag e^metiob li,. fiig# 1s» i m @ -  hapi® c'i') 
fh®g@ 13ft) l«ttlag .1^ « « Cg» It is fewttt ttoat the 
«qaiTal8Bt ,pas*&ll®l r«slstam@« of: %k« s«pi«; is 
1  « .  •  - 1 4 0 )  
Substituting ia ©Qmatioi 40 tb®- of tTma. 
©qmati^tt W it is fomad tfiat t&« ¥§ tern teops out ast-ttoa 
r#ia©©l #i|.uati.©a tow is , 
(41) 
Applyiag «<|ttatloa-41 to t&® 'Aata for Saapl® I,, it is 
fmmit. that 
®i> ' t§0'603C.tBl 13.1416} {S00-0)l»ttSS x lo'^'^HSOS x lo'^^J 
« aatilog §,8?CB0 
48 -
fbe- sp®olfi@ 0©adm#t«a©# 3 Is glveii hf 
S « -M {421 
• in tMs e-quatloa It is tmn^ that tb@ 
speeifi-e .eoa&ietaii.0e ©f Saapls I is 
a « B.ias 3E 10*^ 
Antilog .i,8f©80 
•  ^  . . . i ©  - - . 1 3  
B » i*9_ X 10 #laa ^ ea. u 
•ii@i®etfi© mnmtmt of-a itet©ilal is foamd Uy tin® 
rati© 0f tfc© •*fill9€*' t# eapaeitaae®, ; That is, 
i 4 s )  
Apflylug tiiis eqaatioa t@ tlie data-oa .SffiBpla I yields 
^ " 40.4o * '®-% 
di@le©trl@! .aoastaat of Saagl® I ia tb«r«f©r« 9..0g, 
f'l» 4ata s«@ar«i om Saapl# II afe ani 
%h@ ealeiitetions are earrist ©mt In %h@ mmm M«aa®-r toy appli-
eatioa of eqmtieas 41, 42# 'and 4S, 
fmqmeaey 1000 
temperatibr# ® 
% « -5000>rv 
49 • 
®p ' t(B)(3.i'a6j(aooo)]'*csoooKiooo x lo'^jtisa i 10"^'] 
sp - «-828s0 
—s 
g ^ s*xy x 10 
«atii#g '"i •lisii 
8 = 3,31 x 10 ob® 
thm di@l®etri0 -©oas^taat X for'Saapl® II is 
at » S ft 
^ * 40.4o 
fh.® -wmlmm ototaia®4 'oa par® livjaid lijrdrogea galpMd® by 
the aii of SisMat^s aetwori: af«-
/.sample Ui^ leetri® Goaataat ' spseifi® fpadmetaBe®' 
1 9,0g S.fS X lO^^^otaT^em^ 
n .t.% s.il x 10*^® • » 
•ftos® valttes ar# In g:0o4 agr«®»®at aat ar® i»ll witiiia 
tl5» liaits of @X5#riaeiital «rir©i*, 
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for, the TOastaat 
10.1 (4) 
is5) §."1 
lemp and Beanison (&&} ol>®er¥«i tlie dl#l«.et,rle eomstaat 
at. the a@lti^ poiat (-6g,§®0^.I' wMle o«r otoserwatloa is a®i© 
at wtoieto. p©riiaps aeeoaat® for the iiffsreiiee,, 
ait!ioag.& l®ap' aai. Oeaaisoa oalf .elal* an a#e«racy of t«a per 
mn%* OtofiTOsly tfte vmlms of fegri |4) ts rtiely la ©rr^r* 
Pi^feably ttas to@st pre:ri€fa,s »asar®»@iit,s oa tlie speeifie 
eoaitt©taiii©@ hat® mmn aato %y tilkiasoa aad ®©-workers ia 
this laboratory, . fheir report®! valws nr® s«i®iwiiat Xmss tliaa 
tlis pr«seat otesariratioa, flis is. t# fe# exfeeteA ia iri®w of . 
tb® fact tiiat .tli«y ®*pl®f@.4 a il..r©ttt •©tt.rr«ot g«lTaao*@tsr astl-ot 
aai ©a0omat»rs4 mm polar last i©a. faklag., tMs into aeeoimt 
th® agrssaeat fe®tw@«n tSt« a©* md oli iata froa tkis labo.ra-
tory is gO'Oi, 
fh9 coastmts for pure liquidt bydrogen sulpfeide at 
-f8,.6®S« ar@ 
•disleetrie eeastaat t.»Og 
s^eifio 0onta®tane@ 3.1 x 10"^© -oita"'^cm.^ 
§s -
fin, 3SW41T 
1. 4 a@tlio€ is dsseriibet tQ^r t&# frote^tioa of '©lismisally 
ptire liomiA lytrogsa smlpiii#* 
 . flte tl&«o.iri08 af %M .aai fmi'sli®! of 
ea]pa@iteae# aat »si®t@a@© f®!- -©©atms-taae® work are 
ii.#:©mss®€, mi it Is • mxp&TlmmtmHy shown that siskima's 
eapaeitaae# teridg® ©aa. hm appliet to €oiite©taa®® work. 
A mem .mtho^A fer ototaiaiag tli« •*©@11 edastaat" of a test 
®ell ia trnwrn^ of its ©lettrieal «apa«ltas@« is 4®.s®ril}ei, 
aad it is sbQW tJhat this' rnstboA is 
pr@sis® tm mTtaim typ@s of #Qa€tt®taa@© eells.^ 
4. A properly a#sigai#4 test ^©®11 for tij.® ii®asttr©a©at of €i-
®l©-strie ©oBstant aaA elestrieal <»nteetaii«e is 4@seribed, 
. aat it is expepia#Btaliy slioim that smii a -©«11 has'a© 
iaflmence on the •sonteetane©- of th@ as-Aiua, 
5. 4 ©oaplately ser&eaed aatio^frs^mettey teri%@ for t&® : 
aeasmreiwat ®f @oaia®taa-w,, iieleetri© cQastant., ant fow«r 
factor is .i«seri'ba4» 
 , The dislsctri® eoastaat m.A tli© gpeeifie ©oaiuetaao® of 
p«r® liqttii hydrogea sulpiiii,# mm rep©rt#€ ,aat eoitpareA 
with, the tata ohtaiaeA toy ®arli®r iav©stigat©rs.. 
i3 -
MT&mmm cifiii 
111 S&@€lovslcy, T. A screened bxiAga for the a#asmr@»at 
of «l®otrolytie conduetanee* I* fluory of 
errors. ii. Description of tfc# Iriii®. i* \m* QUm* 
so@., 5s;1793-1805. 1930. 
CE) foii#s aai ftot m&&aummm% of the <sonia0t®n#e 
of ®le0trolyt®s. !• Astt @xpsria®mt«l sad tlieoretieal 
staty of principles of 4@sign of th# ikeatston# ferii^ 
for us® i4t& alternatiag current aaft aa improved fo3» 
of dir«#t reading alteraating earr®nt Iridg®. J. jji. 
-so-ii.,. ioslq'it'-losi.. 1sm-. 
(3J Sts-eit. Mttatoab «td' AreMitemld. T-te® &al©g®a ^ lydrides as 
sondaeti^ solveat®.. Pfeil. fraas-* toy* A, ZO&t 
«i-isf. i»oi. 
C4)  Sag r i ,  a .  sopra  11  • so l t ea t#  l i que fmt to*  
Atti. A«oad. I, lfti51i->Sg5,^ lilf. 
(S) 4ttaa and -filttasoa.- 0@attt#t.aB6@ in liquid liydrog©a 
aulpliide sslutioas. .J* As. s©-e», 
itas. 
(# )  Sa tws leke r ,  Su t l s r  and  i i l k insoa .  Reae t ions  i n  l i ou ld  
hytrogen sulphide, TIIJ- Speeifi® conductan®© of liquid 
hydrogen sulplild®. 3*. Mm* Oiie*. Soo,^ 5Jg;304&«S047-# 
1®30. 
( ? )  Sagm#.*  A l t e rna t j ^  ©ur re -a t ' ' b r idg® ®#t t iods . .  S i r  Imae  
fitHQii and Sons* Londe®. ItSO. 
(8) flliiteliead,, • B. ' i;,e@tur«s on dl@l@«trl-© theory and 
insu la t ioa .  Me^aw-Hi l l  Boo l fc  Go . ,  »©w York .  I fg f .  
(9) ijatoay and Magri. X,*ldrogea© solforat© liquid©' ©oms 
s©lT@nt«. ©asss. sMa. ital-,.., * IfOS. 
^10) :iuaa» a. »• A study of rsa^tloaa in liquid Itydj^^n 
.sulpMd®. J. m* §!•». .S©©»,, if.jlOS-lOS. 1@SS. 
(11) Cardoso and Aral. Somstaat#s eritl^ mes i® l,»@tliylea@., 
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